The treatment of choice for Stenotrophomonas maltophilia is trimethoprim-sulfamethoxazole (SXT). Fluoroquinolones (FQs) have in vitro activity against S. maltophilia; however, there is limited published information on their effectiveness. The purpose of this study is to compare the effectiveness of FQs and SXT for the treatment of S. maltophilia. A retrospective review of 98 patients with S. maltophilia infections who received SXT or FQ monotherapy was conducted. Patients >18 years old with a positive culture for S. maltophilia and clinical signs of infection who received treatment for >48 h were included. Microbiological cure and clinical response were evaluated at the end of therapy (EOT). In-hospital mortality and isolation of nonsusceptible isolates were also evaluated. Thirty-five patients received SXT, and 63 patients received FQ; 48 patients received levofloxacin, and 15 patients received ciprofloxacin. The most common infection was pulmonary. The overall microbiological cure rate at EOT was 63%. Thirteen of 20 patients (65%) who received SXT and 23 of 37 patients (62%) who received FQ had microbiological cure at EOT (P ‫؍‬ 0.832). The overall clinical success rate was 55%, 52% for those who received FQ and 61% for those who received SXT (P ‫؍‬ 0.451). In-hospital mortality was 24%, with similar rates in the two groups (25% for FQ versus 22% for SXT; P ‫؍‬ 0.546). Development of resistance on repeat culture was 30% for FQ and 20% for SXT (P ‫؍‬ 0.426). Fluoroquinolone and SXT monotherapies may be equally effective for the treatment of S. maltophilia infections. Resistance was documented in subsequent isolates of S. maltophilia in both groups.
S
tenotrophomonas maltophilia is an aerobic, nonfermentative, Gram-negative bacillus formerly called Xanthomonas maltophilia or Pseudomonas maltophilia. It is an environmental organism found in water and soil and on plants and has emerged as an important nosocomially acquired pathogen (1) . It is generally considered to be an opportunistic pathogen and is known to cause pneumonia, bacteremia, catheter-related infections, and intra-abdominal infections (2) . Patients at risk for developing infections with S. maltophilia include transplant patients on immunosuppressants, cancer patients receiving chemotherapy, neutropenic patients, and patients with AIDS (3). Additional risk factors for S. maltophilia infections include extended use of indwelling catheters, such as endotracheal tubes and genitourinary catheters; recent broad-spectrum antibiotic therapy, including carbapenems; and prolonged hospital stay (3) . Although S. maltophilia is sometimes thought to be a colonizer, it can cause infections in susceptible patients with multiple risk factors. Due to the increase in the patient population at risk, the incidence of S. maltophilia infections may be increasing (1, 4) . Mortality rates associated with S. maltophilia bacteremia range from 14 to 62%, with an attributable mortality of 20 to 30% (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Treatment of S. maltophilia infections can be difficult, as S. maltophilia is inherently resistant to many classes of antibiotics, including ␤-lactams and aminoglycosides. Antibiotics with in vitro activity against S. maltophilia include trimethoprim-sulfamethoxazole (SXT), fluoroquinolones (FQs), tetracyclines, ticarcillin-clavulanate, and ceftazidime; however, there are limited clinical data on the use of these agents (6) (7) (8) (9) (10) 14) . Trimethoprim-sulfamethoxazole continues to be a primary choice for the treatment of S. maltophilia, but FQs are an attractive option due to in vitro activity (15) . The purpose of this study was to evaluate patients with S. maltophilia infections and assess the effectiveness of treatment with FQ monotherapy compared to SXT monotherapy.
MATERIALS AND METHODS

Study design.
This was a retrospective study of patients with S. maltophilia infections who received monotherapy with SXT or an FQ. The study population included patients with positive cultures for S. maltophilia who were 18 years of age or older with clinical signs and symptoms of infection according to CDC definitions of nosocomial infections (16) . The patients must have received treatment directed at S. maltophilia for at least 48 h. Patients were excluded if they received combination therapy for S. maltophilia. All patients with positive cultures for S. maltophilia were identified from microbiological reports from January 2008 to December 2011. Antimicrobial susceptibility and MICs were determined via Vitek-2 (bioMérieux), Etest, or disk diffusion.
Data. Demographic information was collected from the patients' electronic medical records, including underlying illnesses, presence of indwelling devices, immunosuppression, and prior antibiotic use. Microbiological cure at the end of therapy (EOT), clinical response at EOT, in-hospital and 30-day mortality, and isolation of a nonsusceptible isolate within 30 days of EOT were evaluated. The clinical response at EOT was evaluated by two investigators (Y.L.W. and M.R.S.) and determined by improvement in all signs and symptoms of infection with no further treatment required. Patients were not included in the analysis for this endpoint if we could not determine a definite response. Microbiological cure was defined as a negative culture, from the same site as the original positive culture, at or prior to the EOT. Patients who did not have a repeat culture were excluded from analysis for this endpoint.
Statistical analysis. Categorical variables were analyzed using a chisquare or Fisher exact test. Continuous variables were analyzed using Student's t test or the Mann-Whitney U test. A P value of Ͻ0.05 denoted statistical significance. Multivariate logistic regression was done in a backward stepwise manner to determine if there was a significant association with in-hospital mortality for any variable with a significant association in univariate analysis. Data were analyzed using SPSS software version 20.0 (IBM Corp., Somers, NY).
RESULTS
A total of 98 patients were evaluated, with a mean age of 73 Ϯ 15 years. Thirty-five patients received SXT, and 63 patients received an FQ; 48 patients received levofloxacin, and 15 received ciprofloxacin. Forty-two (43%) patients had recent major surgery and were admitted to the surgical service at the time of the S. maltophilia culture. Twenty-three (24%) patients were in the intensive care unit (ICU) at the time of culture. The most common underlying comorbid conditions for all patients were solid organ malignancy (39%), coronary artery disease (38%), diabetes mellitus (36%), chronic kidney disease (26%), and pulmonary disease (26%). Only a small number of patients were immunocompromised, with chemotherapy being the most common cause of immunosuppression. The most common type of indwelling device was a genitourinary catheter (34%), followed by an endotracheal tube (30%) and central venous catheter (CVC) (14%). Most baseline demographic characteristics were similar for patients who received SXT or FQ, although more patients who received SXT had an intra-abdominal drain (17% versus 2%; P ϭ 0.004) ( Table  1 ). The baseline characteristics for patients who received levofloxacin or ciprofloxacin were similar, except that more patients who received levofloxacin had prior antibiotic use, including cephalosporin use, and they were more likely to be in the ICU at the time of culture. Pulmonary infections accounted for 56% of all S. maltophilia infections. There were 17 (49%) pulmonary infections in patients who received SXT and 38 (60%) in patients who received an FQ. Overall, 19 (19%) patients had a skin/skin structure infection (SSSI), 9 (9%) patients had a urinary tract infection, 9 (9%) patients had an intra-abdominal infection, and 6 (6%) patients had bacteremia, 3 cases of which were related to a CVC.
Eighty-two (84%) patients received an antibiotic prior to isolation of S. maltophilia. Cephalosporins (49%), penicillins (48%), and carbapenems (30%) were the most commonly used antibiotics prior to culture. Patients who were treated with an FQ were more likely to have received a cephalosporin in the previous 30 days for prior conditions (57% versus 34%; P ϭ 0.030), and patients who were treated with SXT were more likely to have received levofloxacin than other FQs in the previous 30 days for prior conditions (63% versus 22%; P ϭ 0.041). Seventy-five (77%) patients had a polymicrobial infection. More patients who were treated with an FQ had a polymicrobial infection (84% versus 63%; P ϭ 0.017), including polymicrobial infection with a Gram-negative organism (46% versus 26%; P ϭ 0.048). Pseudomonas aeruginosa was the most common Gram-negative organism that was isolated in both groups. Based on in vitro susceptibility testing, SXT and minocycline had the highest susceptibility rates among all S. maltophilia isolates tested, with 96% susceptible to SXT and 95% susceptible to minocycline. Levofloxacin showed modest susceptibility (82%), while ceftazidime and ticarcillin-clavulanate had poor susceptibilities (49% and 40%, respectively) ( Table 2 ). The length of stay prior to culture for all patients was 5 days (interquartile range [IQR], 1 to 15 days), and the values were similar for patients who received an FQ or SXT (6 days [IQR, 1 to 19 days] versus 4 days [IQR, 0 to 11 days]; P ϭ 0.786). The number of days prior to initiation of targeted S. maltophilia treatment was 3 days (IQR, 2 to 4 days) in all patients. The median length of stay was 25 days (IQR, 15 to 37 days) for patients who received an FQ compared to 16 days (IQR, 8 to 42 days) for those who received SXT (P ϭ 0.970). The median duration of therapy was 9 days (IQR, 2 to 38 days) for patients who received an FQ and 8 days (IQR, 2 to 28 days) for patients who received SXT (P ϭ 0.265). The median daily dose was 7.8 mg/kg of body weight/day of the trimethoprim (TMP) component for SXT, 500 mg/day for levofloxacin, and 1,000 mg/day for oral ciprofloxacin.
Microbiological cure in patients who had a repeat culture was achieved at EOT in 63% (36/57) of all patients, 62% (23/37) of patients who received an FQ, and 65% (13/20) of patients who received SXT (P ϭ 0.832) ( Table 3 ). Ten of 14 (71%) isolates tested that were recovered at EOT were resistant to levofloxacin, and 0 of 11 (0%) that were tested were resistant to SXT following FQ monotherapy (P ϭ 0.11). Two of 5 (40%) isolates tested that were recovered at EOT were resistant to levofloxacin, and 2 of 7 (28%) that were tested were resistant to SXT following SXT monotherapy (P ϭ 0.14). Clinical success at EOT was 55% overall, and the rates were similar in the two treatment groups. Patients who receive an FQ had a 30-day mortality rate of 31% compared to 22% for patients who received SXT (P ϭ 0.42). In-hospital mortality was 25% for patients who received an FQ compared to 20% for patients who received SXT (P ϭ 0.55). Eleven of 37 patients (30%) who had a repeat culture after receiving an FQ had a nonsusceptible isolate identified within 30 days of EOT compared to 4 of 20 patients (20%) who received SXT (P ϭ 0.426). For patients who had a repeat culture, the number of susceptible isolates decreased for all antibiotics tested, and the median MIC increased regardless of which treatment the patient received (Table  2 ). In the 21 patients who had repeat cultures that grew S. maltophilia, the susceptibilities were reduced for SXT (96% to 71%), minocycline (95% to 57%), levofloxacin (82% to 29%), ceftazidime (49% to 33%), and ticarcillin-clavulanate (40% to 14%). Patients with pneumonia or bacteremia had the worst outcomes, with microbiological cure being the lowest and mortality being the highest in these patients (Table 3) . Microbiological cure and clinical success rates were 50% and in-hospital mortality was 31% for patients with pneumonia, while microbiological cure was 40% and clinical success and in-hospital mortality were 33% for patients with bacteremia. These patients also had the highest rate of nonsusceptible isolates identified within 30 days of EOT (38 to 40%). There were no differences in clinical outcomes between patients who received levofloxacin and those who received ciprofloxacin (Table 3) .
In univariate analysis, respiratory tract infection (P ϭ 0.049), presence of CVC (P ϭ 0.018), neutropenia at the time of culture (P ϭ 0.002), a prednisone dose of Ն20 mg/day (P ϭ 0.037), recent administration of chemotherapy (P ϭ 0.0001), and admission to an ICU at the time of culture (P ϭ 0.0001) were associated with increased in-hospital mortality. Admission to surgical service (P ϭ 0.0001), hematological malignancy (P ϭ 0.002), history of pulmonary disease (P ϭ 0.034), polymicrobial infection (P ϭ 0.043), coinfection with a Gram-negative organism (P ϭ 0.016), and SSSI (P ϭ 0.038) were associated with decreased in-hospital mortality. In the multivariate logistic regression model, admission to an ICU (odds ratio [ 
DISCUSSION
A microbiological cure rate of 63%, a clinical success rate of 55%, and an in-hospital mortality rate of 24% were identified for all patients with S. maltophilia infections treated with SXT or FQ monotherapy. Similar results were seen for patients regardless of whether they were treated with an FQ or SXT. Independent risk factors for mortality were admission to an ICU or recent administration of chemotherapy. Previously published mortality rates due to S. maltophilia vary widely, from 14 to 62% (6-13, 17). The variability in mortality rates may be due to differences in the types of infections included in each study. In a study by Wang et al., the all-cause mortality rate was 62% for patients with bacteremia, but only half of the deaths could be attributed to S. maltophilia, with the rest caused by underlying conditions (9), whereas in a study by Samonis et al., the all-cause mortality rate was 14%, with an infection-related mortality rate of only 4% (8) . In the study by Samonis et al., the authors attributed the low mortality to the inclusion of non-critically ill patients, and the inclusion of patients with all infection types. Other studies identified mortality rates of 21 to 33%, which are consistent with the in-hospital mortality rate seen in this cohort (7) (8) (9) (10) (11) (12) (13) . Similar to other studies, the cohort was not limited to bloodstream infections and included infections at other sites. Only 6 patients with bacteremia were included in the cohort, and 3 cases were related to a CVC. When patients with pneumonia or bacteremia were evaluated, higher in-hospital mortality rates of 31% (17/55) for pneumonia and 33% (2/6) for bacteremia were identified compared to 11% (4/37) for all other sites. Along with the site of infection, clinical success may be influenced by the administration of adequate empirical antibiotic therapy. It is important to initiate appropriate antibiotics in most infections to minimize mortality, and inappropriate initial antimicrobial use in S. maltophilia infections can lead to higher mortality in bacteremic patients (12) . In a prior study, 67% (8/13) of patients who did not receive appropriate initial therapy for S. maltophilia bloodstream infections died compared to 17% (5/29) of those who received appropriate initial therapy (12) . In this study, the median time to appropriate antibiotic therapy was 3 days, which is similar to prior studies (7). This may have contributed to the low success rate, although time to appropriate therapy was not a risk factor associated with increased mortality using multivariate analysis. Failing to distinguish between colonization and infection with S. maltophilia may also influence clinical success (8) . In studies that have compared patients who were colonized with S. maltophilia to those who were infected, mortality could not be directly attributed to S. maltophilia for patients who were only colonized with the organism (18) . A limitation of this study is that it was not possible to distinguish between colonization and infection, although all of the patients were suspected to have an infection based on clinical documentation. It was also not possible to identify whether other organisms were contributing to the clinical outcome. A majority of patients had a polymicrobial infection that may have influenced the clinical outcome. The pathogenic role of S. maltophilia in polymicrobial infections makes it difficult to evaluate the contribution of S. maltophilia to the clinical symptoms in the infected patient (8, 10, 13) . In this cohort, the presence of a polymicrobial infection was associated with decreased mortality in multivariate analysis, which could imply that the presence of other organisms may have contributed to the clinical outcome.
To our knowledge, this is the largest cohort study describing treatment outcomes of FQ monotherapy for S. maltophilia infections in the United States. Clinical data on the use of FQs for S. maltophilia are scarce, and most studies that evaluated clinical success included only patients treated with SXT or ␤-lactams (6) (7) (8) 10) . Other studies reporting outcomes for alternative options for S. maltophilia infections did not evaluate outcomes based on individual drug classes, and studies that did evaluate treatment 
a All values shown as number/total (percent). b P value comparing patients who received levofloxacin to patients who received ciprofloxacin. c P value comparing patients who received trimethoprim-sulfamethoxazole to patients who received a fluoroquinolone.
with FQs are limited to case reports or the FQ was used in combination with other agents (6) (7) (8) (9) (10) (11) (12) (13) . In a systematic review, 20 of the 49 cases described treatment with ciprofloxacin for S. maltophilia. Only 8 patients received ciprofloxacin monotherapy, and 12 received another agent in combination with ciprofloxacin. All 8 patients who were treated with ciprofloxacin monotherapy were cured (6) . In another study, only 6 patients received monotherapy with an FQ; however, the clinical effectiveness of FQ monotherapy could not be assessed because the authors did not evaluate individual regimens (8) . Of the 98 patients in our cohort, 63 received an FQ alone as the primary treatment option, with a majority receiving levofloxacin. The clinical success rate and in-hospital mortality rate for FQs were 52% and 25%, respectively. The mortality rates for all patients and for those with pneumonia or bacteremia did not differ between SXT and FQ treatments. This study evaluated only patients who received monotherapy for the treatment of S. maltophilia; however, combination therapy has been recommended for synergy and potential avoidance of resistance. Recommendations for the use of combination therapy for treatment of S. maltophilia are based on in vitro data and expert opinion (11) . In vitro synergy has been reported with many combinations, and several studies suggest that emerging resistance could be potentially avoided by using combination therapy (10, (19) (20) (21) (22) . Muder et al. identified a mortality rate of 11% for those patients who received Ն2 classes of antibiotics to treat S. maltophilia compared to 31% in those who received only 1 antibiotic class (10) . In this cohort, only patients who received monotherapy were evaluated, and a similar mortality rate was identified compared to previously mentioned studies, many of which included patients who received combination therapy (6, 8, 10) . Although the mortality rates were similar to those in prior studies, 21 patients in this cohort who had repeat cultures that grew S. maltophilia had reduced susceptibilities for all antibiotics tested. With the knowledge that resistance may develop on monotherapy, the use of combination therapy needs to be further evaluated in order to determine whether it is effective in preventing the development of resistance. Since there are limited clinical data on the use of combination therapy, and in vitro synergy has not been shown with all antimicrobial combinations, it is not known whether the use of combination therapy will prevent resistance or whether it improves clinical outcomes.
Antimicrobial therapy for S. maltophilia infections is problematic, as isolates are usually resistant to multiple agents. Most S. maltophilia strains are resistant to aminoglycosides, extendedspectrum ␤-lactams, and 3rd-generation cephalosporins (5) . Due to lack of clinical data, this study sought to evaluate the clinical outcomes of S. maltophilia infections and whether monotherapy with FQs can be used as an alternative to SXT. Fluoroquinolones had a success rate similar to that of SXT, although the success rates in both groups were relatively low. There were no statistically significant differences between patients who received SXT and patients who received FQs in terms of microbiological cure, clinical response, or mortality. Even though SXT is the drug of choice, treatment for S. maltophilia infection with SXT may not be possible due to resistance, allergies, toxicities, or drug shortages (23) . Based on in vitro susceptibilities in this cohort, ticarcillin-clavulanate and ceftazidime do not appear to be viable options, as in vitro susceptibilities ranged from 40 to 49%. Minocycline and tigecycline may be potential options based on in vitro susceptibilities; however, clinical data to support their use are scarce (14) .
Based on in vitro susceptibilities and current results, FQs may be an alternative option for use as monotherapy for the treatment of patients with S. maltophilia infections when SXT administration is not possible. Prospective studies are still needed to further compare the efficacies of FQs and SXT for the treatment of S. maltophilia infections and to evaluate whether minocyline or tigecycline is clinically effective against S. maltophilia and whether the use of combination therapy is beneficial in preventing the development of resistance.
